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Todd  (1)  first  demonstrated that  hemolytic filtrates  from strep- 
tococcal cultures grown in serum-free broth are antigenic and later (2) 
showed that  serum streptolysin is  also an  antigen.  Both types of 
streptolysin  were  found  to  be  equally  antigenic.  The  antibody 
produced by inoculating either of these antigens into animals neutral- 
ized serum-free streptolysin but failed to neutralize serum streptolysin. 
Further observations (2) indicated that the streptolysin found in vivo 
is probably more closely related to serum streptolysin than to serum- 
free streptolysin.  Examination of sera from normal horses revealed 
the presence of antistreptolysin in extremely small quantity.  High 
antistreptolysin titers were found in sera of those horses which had 
been immunized with Streptococcus hemolyticus.  Furthermore, a  rise 
in the antistreptolysin titer was demonstrated in the sera of human 
subjects  convalescing  from  respiratory  infection  with  hemolytic 
streptococcus; while individuals recovering from diseases with other 
infectious agents failed to develop this antibody (3). 1  The presence 
of a high antistreptolysin titer in the sera of patients experiencing an 
acute attack of rheumatic fever, in conjunction with other supportive 
findings, was considered by the present authors (4) to be a llnk in the 
* The work reported in this communication was carried out under The Kellogg 
Foundation Fund. 
1 Further observations made in this laboratory on non-rheumatic patients con- 
valescent from lobar pneumonia, Pneumococcus Types  I  and  II,  and  on  rheu- 
matic  subjects  recovering from a  variety  of  infections,  have  been  in  accord 
with the previous findings of Todd. 
129 130  ~mm'E  RESPONSE  OF  TIlE  RHEUMATIC  SUBJECT.  I 
chain of evidence leading to the hypothesis that the rheumatic process 
may  be  activated  by  respiratory  infection  with  Streptococcus 
hemolyticus. 
The purpose of this series of papers is to direct attention to the close 
relationship which exists between the development of the immune  re- 
sponse  to this  infection and initiation  of rheumatic  activity in  sus- 
ceptible subjects.  It  includes  clinical,  bacteriological  and immuno- 
logical observations which have been collected over a  period of years. 
It concerns itself with an interpretation of more than 3,000 antistrep- 
tolysin determinations made on approximately  500  human  subjects 
including  infants,  children and adults to the age of fifty.  This paper 
deals  first  with  the  method  used  throughout  the  entire study; and 
second with the natural  level of antistreptolysin  in  human  subjects, 
as a  basis of reference for the papers to follow. 
A.  Technique 
Since the original findings of Todd (1) certain refinements in technique have 
been devised by him (5); also by I-lodge and Swift (6,  7) and by the authors. 
These have been employed in all the determinations listed in the present report. 
The technique has been found to be accurate, and the antistreptolysin titers of a 
standard horse serum and of a human serum, kept under sterile conditions at 4°C., 
have remained constant during a period of 3 years.  A detailed description of the 
methods used follows. 
1.  Preparation of Streptolysin  Broth.--lO pounds of fresh beef hearts freed of 
fat and sinew are finely minced and infused  overnight in a refrigerator with 10 
liters of distilled water. 
The next morning, with thorough and frequent stirring, the infusion is slowly 
heated over a free flame to 85°C. and maintained at that temperature for 30 min- 
utes.  The infusion is next squeezed through a wire mesh strainer and then passed 
through ordinary filter paper.  Difco proteose peptone, 200 gin., is shaken lightly 
over the surface of the warm infusion, dissolving in 10 to 15 minutes without further 
heating.  During the process  of peptone solution, the following c.P.  ingredients 
are  added:  dextrose 20  gin.; NaHCO3 20 gun.; Na,HPO4.12H~O  10  gm.;  NaCI 
20 gin.  The reaction is adjusted to pH 8 with normal NaOH, after which  the 
broth is refrigerated overnight. 
The following morning, after filtering through standard filter paper, the medium 
is sterilized by passing  through a battery of six Pasteur-Chamberland F candles, 
200 by 25 ram., directly into 2,000 cc. pyrex calibrated filtering flasks.  The broth 
is then incubated for 48 hours at 37°C. as a test for sterility.  It is stored in the 
refrigerator at 4°C. 
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cultures consisting of 5 cc. of warm phosphate infusion broth containing 0.3 per 
cent dextrose are inoculated with one loop of stock culture of Aronson (Schnitzer) 
strain and shaken hourly during 5 or 6 hours incubation.  As a  precaution,  the 
growth is then examined microscopically and blood agar plates are prepared.  If 
microscopic examination shows pure culture of streptococcus,  the large flasks of 
broth are then inoculated. 
To each flask (1,500  cc.) of warmed broth are added 3 to 4 cc. of seed culture. 
The flasks are incubated  14 or 15 hours (not longer), smeared, plated and imme- 
diately chilled in cold running water, followed by refrigeration to prevent further 
growth and autolysis of organisms.  The purity having been ascertained, the broth 
culture is next centrifuged and the supernatant fluid is filtered through a battery of 
Pasteur-Chamberland  F  candies directly into 2,000 cc. pyrex filtering flasks and 
stored in the refrigerator at 4°C. 
3.  (a) Reduction ofLysin Broth.--The lysin (any amount) is reduced by removal 
of oxygen under vacuum, 29 inches for 5 hours, with the lysin packed in ice, and 
by adding  1 per cent normal NaOH and 0.1  per cent finely powdered sodium 
hydrosulfite at a time convenient to the worker. 
(b) Storage of Reduced Lysin.--Warm sterile vaseline is layered over the lysin 
to a depth of 2 era., formation of bubbles being avoided.  Tubes or 50 cc. Florence 
flasks may be conveniently employed.  It has been found in this laboratory that 
a  stable lysin maintains a  constant titer over a  period of months at 4°C. under 
these conditions of reduction. 
4.  Titration of Lys/n.--At least  2 weeks are allowed to pass after  reduction 
before the first titrations of new lysins are done.  Samples from each flask, which 
has been reduced, are tested to determine the standard combining power according 
to the method of Hodge and Swift (7).  These workers have demonstrated that 
although the titer of streptolysin varies, "itsJ~Dower  of combining with antistrepto- 
lysin  is  constant  under  certain  conditions."  The standard  serum used in this 
laboratory is an antistreptolysin  globulin prepared by Dr. E. W. Todd.  After 
their  combining unit has  been  established,  the lysins  are  standardized  against 
human sera of known titer, high, medium and low units.  The standardization is 
repeated four or five times with different rabbit cells in order to confirm the original 
combining power.  The "combining unit" is,  as described by Hodge and Swift, 
the largest quantity of streptolysin which causes no hemolysis in the presence of a 
standard amount of antistreptolysin.  This is determined by titrating  dilutions 
of streptolysin of unknown strength, against a constant volume of standard serum 
diluted with saline so that 1 cc. of the serum mixture contains 1 : 20,000 dilution of 
Todd's standard globulin (1.0 cc. of which contains 20,000 antistreptolysin units). 
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Streptolysin  ......... 
Saline .............. 
Standard globulin 
1  :  200,000  ......... 
5%  washed  rabbit 
cells  .............. 
Volumes 
0 50 4 0 °4£  
-- 0.050.10.15 
1.0 1.0 I1.0[1.0 
0.50.5  [0.50.5 
0.2t0.25]0.3 0.3! 
1.01.0  [1.01.0 
I 
0.50.5  0.50.5 
Cg. 
0.1 
0.4 
1.0 
05  i. 
Incubated for 15 rain. in 
37°C.  water  bath  be- 
fore addition of cells 
The  tubes are incubated  1S  minutes,  then  individually shaken,  reincubated 
for 45 minutes and read. 
By the use of this method it is possible to maintain a constant combining unit, 
providing the lysin has been kept thoroughly sealed.  This method is more satis- 
factory than the one which uses 2.5 M.H.D. (Todd's original technique) which may 
vary with the character of the red cells of rabbits. 
5.  (a) Determination of Titer of Antistreptolysin in Human Serum.  The Anti- 
streptolysin Test.--AU  sera,  irrespective of age,  are inactivated for 30  minutes 
at 56°C. to prevent hemolysis by natural cytolysin in sera of low antistreptolysin 
titer. 
In order to determine the range of hemolysis a preliminary titration of serum 
is made using 1 in 10,  1 in 50, 1 in 100 and possibly 1 in 500 dilutions.  To each 
1 cc. of serum dilution is added one combining unit of lysin diluted to 0.5 cc.  It 
is essential that each tube be individually and thoroughly shaken after the addi- 
tion  of  the  lysin.  This  applies  throughout  all  titrations  after  each  addition. 
After thorough mixing, the tubes are incubated for 15 minutes in a  water bath 
at 37°C.  Then 0.5 cc. of 5 per cent washed rabbit  red  blood ceils is  added to 
each  tube, which is shaken immediately and thoroughly.  The mixture is incu- 
bated for 15 minutes, and the tubes are shaken again.  After this they are rein- 
cubated,  and  the  readings  are  made  45  minutes  later.  The  tube  which  then 
shows no hemolysis contains the neutralizing dose and indicates the dilution of 
serum to be used in the final titration. 
(b) Final Titration.--The final titration is made as follows: A  series of tubes 
is set up, containing from 1 cc. to 0.1 cc. of the neutralizing serum dilution pre- 
viously determined.  To each of these is added one combining unit of streptolysin 
made up to 0.5 cc. in saline.  All tests are always carefuUy controlled by compari- 
son with the standard horse serum and human sera of known high, medium and 
low titers.  The hemolytic activity of the lysin is also controlled in each  test. 
The neutralizing dose of antistreptolysin in human sera has been found to range 
between 0.1 cc. and 0.0002 cc. of undiluted serum corresponding to the dilutions 
shown in Table I.  Throughout  this study the values are expressed in units per 
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parlson with the findings  of other workers.  In later papers of the present series, 
the authors have also used the logarithms of the units (log u), for the purpose of 
TABLE  I 
The Neutralizing Dose of Antistreptolysin Corresponding to Various Serum Dilutions 
•.n.  of  Units  Serum  Cc.  Serum  Cc.  Serum  Cc.  Serum  Cc.  undiluted 
dilution  dilution  dilution  dilution  serum  per cc. 
1:10  1.0  0.1  10. 
0.9  0.09  11 
0.8  0.08  12. 
0.7  0.07  14. 
0.6  0.06  16. 
0.5  0.05  20. 
0.4  0.04  25. 
0.3  0.03  33. 
0.2  1:50  1.0  0.02  50. 
0.9  0.018  55. 
0.8  0.016  62. 
0.7  0.014  71 
0.6  0.012  83. 
0.1  0.5  1:100 
0.4 
0.3 
0.2 
1.0  0.010  100. 
0.9  0.009  111 
0.8  0.008  125. 
O. 7  0.007  142. 
0.6  0.006  166. 
O. 5  O. 005  200. 
0.4  0.004  250. 
O. 3  O. 003  333. 
0.1  0.2  1:500 
1:1,000  1.0  0.1 
0.1 
1.0  0.002  500. 
O. 9  O. 0018  555. 
0.8  0.0016  625. 
0.7  0.0014  714. 
0.6  0.0012  833. 
0.5  0.0010  1,000. 
0.4  0.0008  1,250. 
0.3  0.0006  1,666. 
0.2  0.0004  2,500. 
0.1  0.0002  5,000. 
0.0001  10,000. 
evaluating the significance of titer changes, and to determine standard deviations 
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6.  Technical Precautions to Be Observed.-- 
(a) Cleansing of Pasteur-Chamberland Candles.--The candles are autoclaved and 
then cleaned by running tap water through them.  They  are  thoroughly  dried 
and then brought to white  heat  in a  muffle furnace.  This last  step is essential 
as  the candles are very fine and dog easily.  Finally,  they  are  attached  to  the 
apparatus and the whole is autoclaved twice before filtering. 
(b) Cleansing and Neutralizing  of Glassware.--All  glassware is boiled in ivory 
soap flakes, neutralized with HC1 and rinsed with neutral distilled water. 
(c) Incubation  of Streptolysin Broth.--It has been found necessary to stop the 
growth of culture at 15 hours to obtain a high titered and stable lysin. 
(d)  Centrifuging  of Streptolysin  Preparatory  to  Filtering.--For  making  large 
amounts of lysin a  chilled Sharpies  centrifuge is used,  capable of siphoning off 
12 liters of lysin in 30 minutes.  The Sharpies  centrifuge used in this laboratory 
is easily autoclaved.  For small  quantities  of lysin the International centrifuge 
holding 250  cc. bottles  is used.  It is important  that  both  the centrifuge  cups 
and the 250 cc. bottles be chilled before use. 
(e) Reduction of Streptolysin.--It is desirable to reduce under the same condi- 
tions each time as far as possible.  Change in temperature influences the strength 
of lysin; so, although reduction at a higher temperature takes place more rapidly, 
it is most convenient to pack the flasks in ice and reduce with 29 inch vacuum 
for 5 hours.  It is essential that the normal sodium hydroxide and the powdered 
sodium hydrosulfite be  fresh.  Sealing  of all  connections and  openings with  a 
coating of glycerine glue (8) insures complete reduction.  Shaking the lysin every 
30 minutes during the reduction is also an aid. 
(f) Tubing, Flasking and Sealing of Reduced Lysin.--Reduced lysin maybe most 
conveniently preserved in 50 cc. Florence flasks or in test  tubes.  It is quickly 
and carefully pipetted  to avoid bubbles,  then sealed  to a  depth  of 2 ram. with 
warm sterile vaseline or with a sterile mixture of one part paraffin and five parts 
vaseline.  The latter  makes  a  firmer  seal.  Titrations  have  demonstrated  that 
there is no difference between lysin which is tubed and sealed the day of reduction 
or 48 hours later, provided that the flask is well sealed off after reduction.  The 
pH of reduced lysin usually lies  between  7.1  and  7.3.  If the  pH is below  7.0, 
the titer is lower but the lysin may still be used.  It appears that the  pH of the 
more lytic and the more stable filtrates  falls between 7.1 and 7.6. 
(g) Pipettes for Titrating.--Because  of the variations in the accuracy of pipettes, 
calibrated  pipettes  are  employed for the  cell  suspension,  lysin,  saline,  globulin 
control and for testing  of new  lysins.  The use  of  the  same pipettes  helps  to 
standardize to some extent the tests from day to day.  This also applies to the 
graduates used in making up the lysin. 
(h) Suspension  of Cells.--Defibrinated  fresh rabbit's  red cells  are washed six 
times with normal salt solution (0.85 per cent) in graduated centrifuge tubes and 
on the sixth washing packed for 15 minutes at 2,200 revolutions per minute.  It 
is essential  in these  tests  to have the  cells  free from traces of hemolysis.  The ALVIN  F.  COBURN AND  RUTH  H.  PAULI  135 
cells are made up to a 5 per cent suspension, using the tube in which they were 
packed for this purpose. 
(i) Dilutions.--AU  dilutions of serum and lysin are made with 0.85  per cent 
saline, not with broth. 
(j) Titration.--It is important when titrating sera to do both the preliminary 
and final titrations on the same day, so as to rule out any possible variability in 
cell suspension or lysin dilution. 
(k) Rabbits.--Because of the great variation in the erythrocytes of rabbits, the 
cells of each new rabbit should be tested for spontaneous hemolysis. 
B.  The Natural Level of Antistreptolysin 
In order to determine the natural level of antistreptolysln in human 
blood, the authors selected for study a group of student nurses entering 
training  at  the  Presbyterian  Hospital  in  September,  1932.  These 
TABLE  II 
The Antistreptolysin Titers in  Units of a Class of Student  Nurses, before and  after 
Exposure to Hospital Infections 
Those who contracted hemolytic streptococcus  Those who escaped hemolytic streptococcus 
infections  infection 
Oct., 1932  Apr., 1934  Oct., 1932  Apr., 1934 
33 
33 
50 
83 
83 
83 
83 
100 
100 
167 
(Median 83) 
200 
333 
111 
143 
167 
167 
200 
250 
333 
333 
(Median 200) 
Those who contracted other infections, agent 
unknown 
Oct., 1932  Apr., 1934 
16 
63 
100 
125 
(Median 83) 
100 
111 
125 
167 
(Median 118) 
20 
25 
25 
33 
33 
33 
33 
33 
50 
50 
50 
63 
83 
125 
125 
167 
(Median 50) 
20 
25 
33 
33 
33 
33 
50 
63 
33 
50 
63 
55 
83 
83 
125 
50 
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subjects  were kept  under  clinical observation,  and  throat  cultures 
were taken during periods of respiratory infection.  Antistreptolysin 
determinations were made at the beginning of the study, at subse- 
quent intervals and again in the spring of  1934 after  18 months of 
exposure to hospital  infections.  Thirty members of the class were 
present throughout the period of observation.  The findings in these 
thirty individuals are classified  in three subgroups according to their 
clinical  courses:  (a)  those  who  contracted  pharyngitis,  which  was 
proven on culture to be of hemolytic streptococcus origin; (b)  those 
who contracted other infections, the agent being unknown; (c) those 
who appeared to escape infection with Streptococcus hemolyticus.  The 
findings are shown in Table II. 
At  the beginning of  this  study  the median value for  the  thirty 
individuals was 63 units.  Only five subjects had a titer greater than 
100 units.  Each of the ten subjects infected with hemolytic strep- 
tococcus showed a subsequent rise in titer.  None of the sixteen sub- 
jects who escaped infection with hemolytic streptococcus developed a 
significant rise in titer.  The median titer of this group, who appeared 
to escape streptococcus infection, was 50 units before entering training 
and was still 50 units 18 months later.  These observations are inter- 
preted  to  mean  that  the  natural  human  antistreptolysin  value  is 
ordinarily about 50 units. 
SUMMARY 
1.  A method for determining the antistreptolysin titer is described 
in detail. 
2.  The natural human level of antistreptolysin determined in this 
way is approximately 50 units. 
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